The pathways of propionate formation in the propionibacteria and of propionate oxidation in animal tissues have been well documented. In the bacteria the final step is the transfer of a carboxyl group from methylmalonyl CoAl to pyruvate with the formation of oxalacetate and propionyl CoA." I The reaction was found to involve biotin;2 the purified enzyme, methylmalonyl-oxalacetic transcarboxylase, has now been shown to contain this factor.4 Methylmalonyl CoA arises from succinyl CoA by an isomerization the mechanism of which remains obscure. The original proposal that it occurred via a transcarboxylation5 was questioned on theoretical grounds as well as by indirect experimental evidence.2 The discovery that. the reaction was dependent on the presence of the various cobamide coenzymes6 suggested that the rearrangement was analogous to the isomerization of glutamic acid to f-methylaspartic acid observed in Clostridium tetanomorphum.)
In the latter case the rearrangement can be considered to be a cleavage of a propionate moiety with subsequent reattachment of the glycine residue to the a position of propionate. Using an extract of propionibacteria, Eggerer et al. 8 showed that the isomerization of methylmalonyl CoA involved a similar migration of the formyl thioester group from one methylene position of the propionate moiety to the other. Similar results were obtained in our laboratory with methylmalonyl isomerase isolated from sheep kidneys, as well as from propionibacteria.
Eggerer et al. 8 suggested that the rearrangement of methylmalonyl CoA involved a free radical intermediate. In accord with this hypothesis, Phares et al. 9 recently reported an inhibition of the reaction by chlorpromazine, an efficient electron donor. It has also been suggested10 that the reaction might involve a dehydrogenation which would weaken the bond of the formyl CoA group, permitting its translocation to the other side of the double bond. Since there has been no successful demonstration of the existence of formyl CoA, it seemed likely that the thioester would be bound to the enzyme and that free acrylic acid might then occur as a transient intermediate. This hypothesis has been tested by carrying out the isomerization of methylmalonyl CoA in the presence of isotopic acrylic acid and examining the succinate formed for radioactivity. When crude extracts of Propionibacterium shermanii were used as a source of the transcarboxylation system for the synthesis of methylmalonyl CoA, acrylic acid-C'4 was incorporated into succinate. However, subsequent study showed that the route of its incorporation was not via the methylmalonyl isomerase reaction. This was revealed by the failure to obtain incorporation of acrylate when synthetic methylmalonyl CoA was used or when the extracts were treated with ammonium sulfate before incubation.
reduced to propionyl CoA, and then converted to succinyl CoA. The reduction of acrylyl CoA by DPNH has not previously been demonstrated in the propionibacteria. It apparently was the only reaction involving the carbon chain of acrylyl CoA catalyzed by our preparations, however.
Methods.-P. shermanii was cultured and harvested as described previously.2 Cell-free extracts were prepared by suspending 5 gm of lyophilized or 20 gm of fresh cells in 30 ml of 0.12 M KCl, pH 7, containing 0.001 M cysteine, and subjecting the suspension to a Raytheon disintegrator (10 kc/second) for 10-15 min while the temperature was maintained near 0C. The suspension was centrifuged at 20,000 X g for 15 minutes and the unbroken cells resuspended and treated again with the disintegrator. After centrifuging the cells, the cloudy supernatant solutions from both sonic treatments were combined and centrifuged at 25,000 X g for 20 min. The clear extracts were either used immediately, or more often dialyzed overnight against 100 volumes of 0.1 M phosphate buffer, pH 7.2. The protein fraction precipitated by 90 per cent saturation with ammonium sulfate was obtained in the usual manner.
Methylmalonyl isomerase was prepared from sheep kidneys as described by Beck et al."
Methylmalonic acid labeled with C14 in the methyl group was synthesized by the condensation of C14HJI with sodium-diethylmalonic ester. The ester was saponified, and the free acid purified by partition chromatography on Celite."2 Acrylic acid-2-C'4 was prepared from f-alanine-2-Cl4 by deamination with HN02 to form ,-hydroxypropionic acid, which was then dehydrated by distillation from 50% H2SO4.13 The distillate was neutralized, concentrated to a small volume, and taken to dryness by lyophilization. Acrylic acid was purified by adsorption on Celite equilibrated with 1.5 M KH2P04 and elution with CHC13 saturated with the phosphate solution.14 The eluate was neutralized and the aqueous phase was lyophilized, dissolved in buffer, and stored at -100.
This chromatographic procedure was also used to separate acrylic acid from propionic acid in subsequent experiments. The coenzyme A derivative of methylmalonic acid was prepared by the mixed anhydride procedure11 and acrylyl CoA was prepared from acrylic acid anhydride by a modification15 of the method of Simon and Shemin. 16 Methylmalonyl-C'4 CoA was incubated with the purified isomerase for 15 min at 300 at pH 7 and the reaction terminated by the addition of NH40H to a final concentration of 2 N." This procedure converted succinyl CoA to succinamic acid, thus preserving the asymmetry of the isotope distribution in the methylene carbons of succinyl CoA. Succinamic acid was isolated by extraction into acetone at pH 4.5,11 evaporation of the acetone, and solution in 0.2 N H2S04.
(Excessive acid will hydrolyze succinamic acid to succinic acid.) Carrier succinamic acid was added and the succinamic acid-Cl4 was purified by partition chromatography. After treatment successively with CHC13, CHC13-5% n-butanol, CHC13-7.5% n-butanol, and CHCL,-10% nbutanol, methylmalamic acid was eluted with CHC13-15% n-butanol and succinamic acid with CHC13-25% n-butanol. The sodium salt was evaporated to dryness and degraded to s-alanine with sodium hypobromite. B-Alanine was converted to acrylic acid as described above and the acrylic acid reduced to propionic acid. Propionic acid was next degraded by successive Schmidt decarboxylations,17 each carbon being obtained as CO2. The specific radioactivity of each fraction was determined by proportional gas counting. A sample of succinamic acid was also obtained which had been prepared from propionate-3-C14 using purified propionyl carboxylase and methylmalonyl isomerase, the latter enzyme having been prepared from P. shermanii."8 This preparation, the generous gift of Drs. R. Stjernholm and H. G. Wood, Western Reserve University, was also degraded and the products counted.
Results.-The isomerization of methylmalonyl CoA: The results of the degradation of succinyl CoA arising by the isomerization of methyl-C14-malonyl CoA are shown in Table 1 . The isomerization of methylmalonyl CoA appears to occur by a migration of a formyl CoA group from the a position of the propionic acid moiety to the f position, thus confirming the results of Eggerer et al. 8 The mechanism is similar to that involved in the isomerization of glutamate. The occurrence of some activity in the other methylene carbon of succinamic acid may be due either to The simplest procedure was to incubate acrylate-C14 with the extracts and the intermediates of the transcarboxylation-isomerization system: propionate, coenzyme A, ATP, and oxalacetate. Under these conditions, succinate-C14 was readily formed (Table 2) . However, treatment of the extracts with ammonium propionyl CoA in a number of systems,20-22 but previous attempts to demonstrate the reaction in the propionibacteria had been negative. When either TPNH or DPNH was added to the treated extract in the presence of CoA, ATP, and oxalacetate, the reduction of acrylate to propionate and subsequent conversion to succinate occurred (Table 3) . The reduction of acrylate to propionate was shown directly by the isolation of labeled propionate when acrylate-C14 was incubated in the same system minus oxalacetate (Table 3) .
The reaction could be followed more easily by observing the decrease in optical density at 340 mp resulting from the oxidation of reduced pyridine nucleotide in the presence of acrylyl CoA (Table 4) . Here only DPNH was active in the reduc- The lack of activity when DPN was added with TPNH indicates that there is no transhydrogenase activity; therefore the isotopic evidence for the participation of TPNH in the reaction appears to be an artifact. The enzyme involved most likely is propionyl dehydrogenase since it exhibits much less activity toward crotonyl CoA. The enzyme also displays only slight but significant activity toward acrylyl pantetheine (Table 4) . We are currently attempting to purify and to characterize this enzyme from the propionibacteria.
The enzyme for the conversion of acrylic acid to acrylyl CoA is present in our extracts, but the activity is not as high as that seen with propionate (Table 5) . Acrylic acid actually appears to inhibit the esterification of propionic acid, perhaps by the removal of CoA by addition across the double bond.20 The activity for acylation was too low to be determined by coupling the reaction with the reduction of acrylyl CoA as measured spectrophotometrically.
The metabolism of acrylic acid by whole cells: To determine whether acrylate could be metabolized by whole cells, 100 ,moles of acrylate-2-C'4 (5,200 cpm) was incubated with 1 gm of whole cells for 16 hours at 30°. Most of the activity recovered was in propionate (1,590 cpm), succinate (950 cpm), and acetate (360 cpm).
Since lactic acid migrates with succinate on a Celite column, the succinate fraction was treated with KMnO.4 to destroy any lactic acid present. Since there was no loss in activity, apparently no labeled lactic acid accumulated; possibly none was formed from acrylate. No attempt was made to recover unreacted acrylate. Discussion.-The DPNH-dependent reduction of acrylyl CoA to propionyl CoA by the propionibacteria has not been described previously. No other reactions involving the carbon chain of acrylyl CoA were observed to be catalyzed by our extracts. So far we have been unable to detect the amination of acrylyl pantetheine to beta-alanine or its hydration to lactyl pantetheine or to beta-hydroxy propionyl pantetheine, reactions known to occur in other organisms.24-26 Further study will be required to determine the function of the reduction of acrylyl CoA in the metabolism of the propionibacteria.
Summary.-Methylmalonyl CoA is converted to succinyl CoA by the migration of the thioester moiety from one methylene carbon of the propionate group to the other. The isomerization was shown not to involve free acrylic acid as an intermediate. Acrylic acid was shown, however, to be subject to esterification to acrylyl CoA and reduction to propionyl CoA by cell-free extracts of P. shermanii.
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